Introduction
Male breast cancer (MBC) is a rare disease accounting for approximately 1% of all malignancies in men [1, 2] and being the cause of less than 0.5% of all cancer deaths in men annually [3] . Equally to female breast cancer, the incidence of breast cancer in men has been increasing over the last decades. It is proposed that the incidence has increased about 26% over the past 25 years [4] . However, the low incidence makes prospective studies difficult, and the majority of available data are retrospective studies with relatively small numbers of patients [5] . Today, most treatment recommendations for MBC are therefore derived from well-studied female breast cancer trials. However, in the last years, efforts have increased to reveal the nature of MBC and the differences to its female counterpart [6] [7] [8] . Although the information on MBC is steadily increasing, there is still a lack of knowledge surrounding metastatic MBC (MMBC). It is of specific interest to determine whether treatment of MMBC could improve survival, and whether the implementation of new treatment options would be as successful as recently demonstrated for the female counterpart [9] . The aim of this retrospective evaluation is to identify MMBC patients within a well-defined time period and population, and to examine clinical features and outcomes in this particular subset of MMBC patients.
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Summary Background: Metastasized male breast cancer (MMBC) is a rare disease. Given its low incidence, data regarding tumor biology, current treatment options, and survival rates are scarce. Patients and Methods: A chart review was performed of MMBC patients consecutively registered in regional cancer registries in Germany between 1995 and 2011. Tumor characteristics, treatment, and survival rates were documented and statistically evaluated. Results: 41 men with MMBC represented 25.6% of a total of 160 patients with MBC. 16 (39%) patients showed primary metastases, and 25 (61%) had recurrent metastases. Median survival from occurrence of metastasis was 32 months. Median overall survival (OS) was 68 months. 68.3% (n = 28) of the cohort received systemic therapy favoring endocrine therapy (n = 25, 61.9%). Prolonged metastatic OS (p = 0.02) was observed in patients having had a systemic treatment. Metastatic patients having received endocrine treatment showed significantly prolonged survival rates. Furthermore, patients receiving palliative chemotherapy had a significant survival benefit compared to those in whom chemotherapy was omitted. Conclusion: Our results suggest that systemic treatment in the form of both palliative chemotherapy and endocrine therapy improves outcome of 
Patients and Methods
MMBC patients who were treated and registered in the administrative district of Chemnitz in the State of Saxony, Germany, were retrospectively analyzed within this retrospective cohort analysis. These men represent all metastatic cases among a total of 160 male patients consecutively diagnosed with MBC between 1995 and 2011 in this area which has approximately 1.5 million inhabitants [7] . Data was collected by the 2 regional cancer registries of the district of Saxony, located in the cities of Chemnitz and Zwickau.
Information was collected for items such as age, histology, TNM and UICC status, grading, date and site of metastasis, and accomplished treatments, as well as date of primary and secondary diagnosis and death. Detailed information was gathered regarding receptor status (estrogen, progesterone, HER2) as well as chemotherapy, endocrine therapy, and radiotherapy in both the adjuvant and the palliative setting. The receptor status was determined by immunohistochemistry; fluorescence in-situ hybridization was documented for HER2 if available.
All patients were diagnosed with MMBC by radiological imaging and/ or tumor biopsy. For these patients, tissue samples of the metastases were taken to confirm the diagnosis by immunohistochemistry.
Disease-free survival (DFS), overall survival (OS), and metastatic overall survival (MOS) estimations were calculated according to the logrank test and Kaplan-Meier method. DFS was calculated as the date of first diagnosis of MBC until the diagnosis of metastatic disease. OS was considered to be the time from first development of distant metastasis until death from any cause. MOS was considered as time from diagnosis of metastatic disease until death. A p value ≤ 0.05 was considered to be statistically significant. A statistical analysis was performed using SPSS for Windows 21.0 software package (IBM Corp., Armonk, NY, USA).
Results
Of a total of 160 MBC patients in this cohort, 41 (25.6%) men had metastatic disease. 16 (39%) patients presented with primary and 25 (61%) with secondary metastases (recurrence). The average age at first diagnosis was 65.5 years (range 43-81 years). Various sites of metastasis were found ( fig. 1 ) with predominant bone (n = 23) and lung (n = 21) manifestations. Median DFS was 36 month ( fig. 2 a) . Median survival from the occurrence of metastasis was 32 months ( fig. 2 b) . 5-year OS was estimated to be 21.8% after metastasis occurred. Median OS from the time of primary diagnosis was 68 month ( fig. 2 c) . MOS was not observed to differ between patients with primary metastatic disease and those with secondary metastasis. Tables 1 and 2 present the tumor characteristics and treatment modalities of the entire group. 81.5% (n = 32) showed initial tumor stages ≥ II according to the UICC classification, and 56.8% (n = 21) had lymph node-positive disease. 97.3% had a histological grade of 2 (n = 22, 59.2%) or 3 (n = 14, 37.8%). A positive hormone receptor status was found in 73.2% (n = 30) of all cases and in 90.2% of tumors in which the hormone receptor status was determined. In 12.2% (n = 5) the receptor status was unknown. The estrogen receptor was positive in 70.7% (n = 29), and the progesterone receptor was positive in 63.4% (n = 26) of the entire study group. 12.2% (n = 5) were positive for HER2, and 9.8% (n = 4) were so-called fig. 3 a) was observed in patients in whom a palliative systemic treatment was administered. Chemotherapy was administered in 17 (41.5%) patients as first-line metastatic treatment, 5 (12.2%) patients received chemotherapy as second-line therapy, and in 1 case a third-line chemotherapy was administered. The following agents were used for palliative chemotherapy: taxane/anthracycline combinations (n = 10, 24.4%), taxanes (n = 3, 7.3%), pegylated liposomal doxorubicin (n = 4, 9.8%), vinorelbine (n = 3, 7.3%) gemcitabine (n = 2, 4.9%), and CMF in 1 case.
Bisphosphonates were used for patients with bone metastases in 17 (73.9%) cases. Palliative radiotherapy was administered in 14 (34.1%) patients. Survival analysis revealed that patients with palliative chemotherapy had a significant survival benefit compared to those in whom a chemotherapeutic treatment was omitted ( fig. 3 b) .
triple negatives. Regarding OS, only patients with an initial tumor stage I or primary positive hormone receptors showed a significant survival benefit (table 1). MOS was significantly higher for younger patients and also patients with a positive hormone receptor status. However, triple-negative patients had a significantly reduced MOS (p = 0.03). A total of 46.3% (n = 19) of the patients received adjuvant systemic therapy, and 43.9% (n = 18) adjuvant radiotherapy. Adjuvant chemotherapy was administered to 26.8% (n = 11) of patients, consisting of taxanes, anthracyclines, or CMF (cyclophosphamide, methotrexate, 5-fluorouracil). 34.1% (n = 14) of the patients received adjuvant hormone therapy with tamoxifen or aromatase inhibitors (AI). 1 (4.6%) patient received trastuzumab additionally to therapy with taxanes and tamoxifen (table 2).
A total of 68.3% (n = 28) of the cohort ( Metastatic patients in our analysis were diagnosed and treated at a variety of different institutions but registered consecutively in 2 regional tumor centers. Our retrospective cohort of 41 MMBC patients revealed that systemic treatment conferred a significant survival benefit. Our data demonstrate a survival benefit for both palliative endocrine therapy and chemotherapy. This is of particular value due to the consideration that a significant number (31%) of MMBC patients in our cohort received no palliative systemic treatment including palliative chemotherapy (68%) and endocrine treatment (41%) despite a positive hormonal status. Because of its retrospective character, these data on a small subset of patients cannot determine the exact clinical significance of systemic treatment in MMBC. Indications for palliative therapy and the type of treatment were individually and heterogeneously determined and not always in oncological centers. Therefore, our conclusions have to be viewed with caution. Nevertheless, our study strongly supports best possible treatment of MMBC.
Our patient group is characterized by a median MOS of 37 months, and statistical 5-year OS was calculated to be 21.7%. This is well below values published by Giordano et al. [9] for Patients treated with antihormonal therapy received only tamoxifen in 12 (29.2%) cases or AI in 15 (36.6%) cases, whereas 4 (9.8%) patients received gonadotropin-releasing hormone (GnRH) analogues in combination with AI. Fulvestrant was given in 2 (4.9%) cases. Metastatic hormone receptor-positive patients having received endocrine treatment showed a significant survival benefit compared to those without endocrine therapy ( fig. 3 c) .
Discussion
To the best of our knowledge, there are no prospective studies or treatment guidelines on MMBC [5] . Therefore, treatment recommendations for this specific situation are derived from female breast cancer guidelines or single-institution experiences. In order to expand the data available for MMBC, and given the low prevalence of the disease, data collections were carried out by various institutions and cancer centers. In case reports and small retrospective studies, the successful use of chemotherapy [10] [11] [12] [13] and hormonal treatment [14] [15] [16] [17] [18] [19] in MMBC is reported. However, no data is available demonstrating an OS benefit for systemic treatment of MMBC. adjuvant setting [11] . However, no evidence exists whether AI should be given alone or combined with GnRH [19] . In addition, fulvestrant is reported in single case reports to be effective in MMBC [16] . Treatment strategies for the use of chemotherapy should be based on existing female treatment guidelines for metastatic breast cancer including trastuzumab for HER2-positive patients [20, 21] . Male patients presenting with bone metastasis should be treated with antiresorptive agents to prevent skeletal events and tumor progression. In the absence of any clinical data, the application of novel therapeutic regimens should be limited to more advanced MMBC based on female guidelines. Our study shows evidence that there is a strong need to collect data on MMBC, and supports efforts being made to treat these specific patients in breast cancer centers.
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women with metastatic disease diagnosed in between 1995 and 2000, demonstrating a median MOS of 58 months and a 5-year MOS of 44%. However, when comparing our results to those of women initially diagnosed between 1990 and 1994, similar values can be found (MOS 27 months, 5-year OS 29%). This could be explained basically by the underpowered palliative treatment of MMBC documented in our cohort. For female breast cancer, Giordano et al. [9] found an improved OS for female patients by establishing a variety of new treatment options characterized by new substances and combinations. It is assumed that treatment of MMBC significantly improves survival.
In our patients group, effectiveness of endocrine therapy and chemotherapy was demonstrated. No subgroup analysis regarding the kind of endocrine treatment was carried out due to the small number of patients. Furthermore, a variety of different chemotherapy regimens were used in our cohort. Therefore, we cannot estimate which cytotoxic treatment is the best for MMBC as no sufficient data are available for this specific situation.
Due to the lack of guidelines and clinical studies, the treatment approach for MMBC should be similar to that in female patients. Based on the extremely high number of hormone receptor-positive male patients, endocrine therapy is the preferred treatment option even in the metastatic setting. However, it remains unclear which regimen should be selected. Tamoxifen is considered to be the first choice in the
